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LAMINATION PROCESS AND STRUCTURE OF 
HIGH LAYOUT DENSITY SUBSTRATE 



5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a lamination process and 
10 structure for a multi-layer substrate, and more particularly to a 
simultaneous lamination process and structure of a high layout 
density multi-layer substrate for a flip chip package or a main board. 

2. Description of the Related Art 

15 

Conventional substrates used in flip chip package processes 
include build-up structures and laminate structures. FIG. 1 shows a 
flip chip package structure. A high density interconnect ( HDI ) 
structure 2 is formed on a base material 1 as shown in FIG. 1. The 

20 base material 1 and the high density interconnect structure 2 
constitute the substrate of a flip chip package. The high density 
interconnect structure bonds to a "flipped" chip 7 through the 
connection between bumps 6 and bonding pads 5 to form a flip chip 
package structure. The high density interconnect structure 2 

25 comprises a dielectric part 3 and a circuit 4. The high density 
interconnect structure 2 is multi-layered and can be formed by 
building up or laminating process. A flip chip substrate which has a 
high density interconnect structure directly formed level by level on a 



base material is a build-up substrate. The structure of the build-up 
substrate is formed by directly forming a high density interconnect 
structure (HDI) on a carrier substrate /core substrate as a printed 
circuit board ( PCB ) . By directly forming a high density interconnect 
5 structure on a carrier substrate /core substrate, the HDI-on-PCB 
substrate has advantages of accurate build-up line/ space and 
thickness control, accurate impedance control and embedding passive 
components. However, the HDI : on-PCB substrate has disadvantages 
of substrate dimension deviation in each build-up process, medium 
10 cost plus medium and unsatisfied yield. Moreover, since the HDI 
structure is formed by sequential build-up processes, the production 
cycle time is long and the cost of equipment investment is high. 

In view of the drawbacks mentioned with the prior art 
15 structures and processes, there is a continued need to develop new 
and improved structures and processes that overcome the 
disadvantages associated with prior art structures and processes. 

SUMMARY OF THE INVENTION 

20 

It is therefore an object of the invention to provide a 
simultaneous lamination process and structure of a high layout 
density substrate with low cost. 

25 It is another object of this invention to provide a simultaneous 

lamination process and structure of a high layout density substrate 
with high throughput and short cycle time. 
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It is another object of this invention to provide a simultaneous 
lamination process and structure of a high layout density substrate 
with good electrical and thermal performance. 

5 It is still another object of this invention to provide a 

simultaneous lamination process and structure of a high layout 
density substrate with high yield. 



To achieve these objects, and in accordance with the purpose 
10 of the invention, the invention provides a simultaneous lamination 
process for forming a multi-layer substrate, the process comprises the 
following steps. First of all, a plurality of laminating layers are 
individually formed, wherein each laminating layer has a first dielectric 
layer, a plurality of first vias and a patterned conducting layer. Next, 
15 a bottom layer having a second dielectric layer and a plurality of 
second vias is formed. Then, the laminating layers and the bottom 
layer are stacked. Finally, the laminating layers and the bottom layer 
are laminated simultaneously to form a substrate. 



20 It is to be understood that both the foregoing general 

description and the following detailed description are exemplary and 
explanatory only and are not restrictive of the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

The foregoing aspects and many of the attendant advantages of 
this invention will become more readily appreciated as the same 
becomes better understood by reference to the following detailed 
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description, when taken in conjunction with the accompanying 
drawings, wherein: 

FIG. 1 shows a flip chip package structure; 

5 

FIG. 2A-2H show a process flow according to a first preferred 
embodiment of forming a laminating layer with vias, conductive 
patterns and dielectric layers; 

10 FIG. 3A-3H show a process flow according to a second 

preferred embodiment of forming a laminating layer with vias, 
conductive patterns and dielectric layers; 

FIG. 4A-4I show a process flow according to a third preferred 
15 embodiment of forming a laminating layer with vias, conductive 
patterns and dielectric layers; 

FIG. 5A-5G show a process flow according to a fourth preferred 
embodiment of forming a laminating layer with vias, conductive 
20 patterns and dielectric layers; 

FIG. 6A-6E show a process flow according to a fifth preferred 
embodiment of forming a laminating layer with vias, conductive 
patterns and dielectric layers; 

25 

FIG. 7A-7D show a process flow of forming a bottom layer; 
FIG. 8A-8B show a simultaneous lamination process flow 
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according to the invention; and 

FIG. 8C-8D show another simultaneous lamination process 
flow according to the invention. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

It is to be understood and appreciated that the process steps 
10 and structures described below do not cover a complete process flow 
and structures. The present invention can be practiced in conjunction 
with various fabrication techniques that are used in the art, and only 
so much of the commonly practiced process steps are included herein 
as are necessary to provide an understanding of the present invention. 

15 

The present invention will be described in detail with reference 
to the accompanying drawings. It should be noted that the drawings 
are in greatly simplified form and they are not drawn to scale. 
Moreover, dimensions have been exaggerated in order to provide a clear 
20 illustration and understanding of the present invention. 

The flip chip multi-layer substrate of this invention is formed 
by simultaneous lamination process. The stacked layers comprise 
several laminating layers with via, pattern and dielectric, a bottom 
25 layer, and pad opening layers which are optional. In the first and 
second embodiments of this invention, the laminating layers with vias 
and conductive patterns are formed by etching a structure of a thick 
metal layer, a thin barrier metal layer and a thin metal layer. FIG. 
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2A-2H show a process flow according to a first preferred embodiment. 
Referring to FIG. 2A, a structure of a thick metal layer 100, a thin 
barrier metal layer 102 and a thin metal layer 104 is shown. The 
thicknesses of the metal layers 100 and 104 could be, for example, 
5 about 30 microns to 400 microns and about 5 microns to 35 microns. 
The metal layers 100 and 104 comprise copper, and the barrier metal 
layer 102 could comprise chrome, lead, aluminum, silver, nickel, tin, 
lead or tin/ lead alloy. The thick metal layer 100 is used to formed 
vias and the thin metal layer 104 is used to form patterns. Next 

10 referring to FIG. 2B, photoresist layers 106a and 106b are respectively 
formed on the metal layer 100 and 104, and the photoresist layer 106b 
is patterned to expose a portion of the metal layer 104to form circuit 
patterns. Then referring to FIG. 2C, the metal layer 104 is etched to 
expose a portion of the barrier metal 102 and form conductive patterns 

15 thereon. Next referring to FIG. 2D, the photoresist layers 106a and 
106b are removed, and a dielectric layer 108 is formed over the metal 
layer 104 and is thinned to expose the metal layer 104. The dielectric 
layer 108 comprises a semi-cured material. The dielectric layer 108 is 
thinned by grinding, plasma etching or chemical mechanical polishing. 

20 Then referring to FIG. 2E, a photoresist layer 112 is formed over the 
metal layer 100 and is patterned to form via patterns, and a dielectric 
layer 1 10 as an etching mask is formed on the metal layer 104 and the 
dielectric layer 108. Next referring to FIG. 2F, the metal layer 100 is 
etched to expose a portion of the barrier metal layer 102 and to form a 

25 plurality of vias thereon. The exposed barrier metal layer 102 is then 
etched to expose the metal layer 104 and the dielectric layer 108 as 
shown in FIG. 2G. The photoresist layer 112 and the dielectric layer 
110 are then removed, and a dielectric layer 1 14 is formed between the 
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vias as shown in FIG. 2H. The dielectric layer 114 comprises a 
dielectric resin such as a thermal plastic resin or a thermal setting 
resin. 



5 FIG. 3A-3H show a process flow according to a second 

preferred embodiment. Referring to FIG. 3A, a structure of a thick 
metal layer 200, a thin barrier metal layer 202 and a thin metal layer 
204 is shown. The thick metal layer 200 is used to formed vias and 
the thin metal layer 204 is used to form conductive patterns. The 

10 thicknesses of the metal layers 200 and 204 could be, for example, 
about 30 microns to 400 microns and aboutS microns to 35 microns. 
The metal layers 200 and 204 comprise copper, and the barrier metal 
layer 202 could comprise chrome, lead, aluminum, silver, nickel, tin, 
lead or tin/ lead alloy. Next referring to FIG. 3B, patterned 

15 photoresist layers 206a and 206b are respectively formed on the metal 
layer 200 and 204 and expose a portion of the metal layers 200 and 
204 to form circuit patterns. Then referring to FIG. 3C, a metal layer 
208 is formed on the exposed metal layers 200 and 204. The metal 
layer 208 is preferably formed by a plating process. Next referring to 

20 FIG. 3D, the photoresist layers 206a and 206b are removed, and the 
metal layer 204 is etched to expose a portion of the barrier metal 202 
and form conductive patterns thereon. Then referring to FIG. 3E, a 
dielectric layer 210 is formed over the barrier metal 202 and the metal 
layer 208. The dielectric layer 210 is preferably a semi-cured material. 

25 Next referring to FIG. 3F, the dielectric layer 210 is thinned to expose 
the metal layer 208 by grinding, plasma etching or chemical 
mechanical polishing. Then, the metal layer 200 is etched to expose 
the barrier metal layer 202 and to form vias thereon, and the exposed 
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barrier metal layer 202 is sequentially removed as shown in FIG. 3G. 
A dielectric layer 212 as mask is formed on the dielectric layer 210 and 
the metal layer 208 as also shown in FIG. 3G. A dielectric layer 214 is 
formed between the vias 200, and then the dielectric layer 210 is 
5 removed as shown in FIG. 3H. The dielectric layer 214 comprises a 
dielectric resin such as a thermal plastic resin or a thermal setting 
resin. 

FIG. 4A-4I show a process flow according to a third preferred 

10 embodiment. In the third embodiment of this invention, the vias of the 
laminating layers are formed by deposition, and the conductive 
patterns of the laminating layers are formed by etching a structure of a 
thin barrier metal layer and a thin metal layer. Referring to FIG. 4A, a 
structure of a thin metal layer 400 and a thin barrier metal layer 402 

15 is shown. The thicknesses of the metal layer 400 could be, for 
example, about 5 microns to 35 microns. The metal layers 400 
comprise copper, and the barrier metal layer 402 could comprise 
chrome, lead, aluminum, silver, nickel, tin, lead or tin/ lead alloy. 
Next referring to FIG. 4B, photoresist layers 404a and 404b are 

20 respectively formed on the barrier metal layer 402 and metal layer 400, 
and the photoresist layer 404a is patterned to expose a portion of the 
barrier metal layer 402 to form via patterns. Then referring to FIG. 4C, 
a metal layer 406 is formed on the barrier metal layer 402 to form vias. 
The metal layer 406 is preferably formed by plating. Next referring to 

25 FIG. 4D, the photoresist layers 404a and 404b are removed by 
stripping, and a dielectric layer 408 is formed on the barrier metal 
layer 402 and between the vias 406. The dielectric layer 408 
comprises a semi-cured material. Then referring to FIG. 4E, a 
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protection film 410 is formed over the metal layer 406 and the 
dielectric layer 408. Next referring to FIG. 4F, the metal layer 400 is 
thinned. Then, a photoresist layer 412 is formed on the metal layer 
400 and is patterned to expose the metal layer 400 for forming circuit 
5 patterns as shown in FIG. 4G. The exposed metal layers 400 and 402 
are etched to form circuits and a dielectric resin 414 such as a thermal 
plastic resin or a thermal setting resin is formed as shown in FIG. 4H. 
Finally, the photoresist layer 412 and the protection film 410 are 
removed, and the dielectric resin 414 is planarized as shown in FIG. 41. 

10 

FIG. 5A-5G show a process flow according to a fourth preferred 
embodiment. In the fourth embodiment of this invention, the vias of 
the laminating layers are formed by etching a structure of a thick 
metal layer and a thin barrier metal layer, and the conductive patterns 

15 of the laminating layers are formed by deposition. Referring to FIG. 
5A, a structure of a thick metal layer 500 and a thin barrier metal 
layer 502 is shown. The thicknesses of the metal layers 500 could be, 
for example, about 30 microns to 750 microns. The metal layer 500 
comprises copper and the barrier metal layer 502 could comprise 

20 chrome, lead, aluminum, silver, nickel, tin, lead or tin/ lead alloy. 
Next referring to FIG. 5B, photoresist layers 504a and 504b are 
respectively formed on the metal layer 500 and the barrier metal layer 
502, and the photoresist layer 504b is patterned to expose a portion of 
the barrier metal layer 502 to form circuit patterns. Then referring to 

25 FIG. 5C, a metal layer 506 is formed on the barrier metal layer 502 to 
form conductive patterns. The metal layer 506 is preferably formed by 
plating. Next referring to FIG. 5D, the photoresist layers 504a and 
504b are removed by stripping, and a dielectric layer 508 is formed 
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over the conductive patterns 506 and the barrier metal layer 502. 
Then referring to FIG. 5E, the dielectric layer 508 is thinned to expose 
the metal layer 506, and photoresist layers 510a and 510b are formed, 
and the photoresist layer510b is patterned to expose the metal layer 
5 500. Next referring to FIG. 5F, the exposed metal layers 500 and the 
barrier metal layer 502 are etched to form vias and expose the 
dielectric layer 508 and the metal layer 506. Finally, the photoresist 
layers 510a and 510b are removed by stripping, and a dielectric layer 
512 which comprises a dielectric resin such as a thermal plastic resin 
10 or a thermal setting resin is formed between the vias 500 as shown in 
FIG. 5G. 

FIG. 6A-6E show a process flow according to a fifth preferred 
embodiment. In the fifth embodiment of this invention, the vias and 

15 patterns of the laminating layers are formed on a thin barrier metal 
layer by deposition. Referring to FIG. 6A, a thin barrier metal layer 
600 having a photo dielectric layer 602 and a photoresist layer 604 
respectively on two sides is shown. The barrier metal layer 600 could 
comprise chrome, lead, aluminum, silver, nickel, tin, lead, and tin/ lead 

20 alloy. Next referring to FIG. 6B, the photoresist layer 604 and the 
photo dielectric layer 602 are patterned to expose the barrier metal 
layers 600 and to form circuit and via patterns. Then referring to 
FIG. 6C, a metal layer 606 is formed on the barrier metal layer 600, 
and a surface thin metal layer 608 is formed on the metal layer 606. 

25 The metal layer 606 is preferably formed by plating and the surface 
thin metal layer 608 is preferably formed by plating or electroless 
plating. The thin metal layer 608 is used to improve the bonding 
between metal layers. Next referring to FIG. 6D, the photoresist layer 
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604 is removed and the exposed thin barrier metal layer 600 is etched 
to expose the photo dielectric layer 602 and the metal layer 606. 
Referring to FIG. 6E, a dielectric layer 610 which comprises a dielectric 
resin such as a thermal plastic resin or a thermal setting resin is 
5 formed on the photo dielectric layer 602 and the metal layer 606 
finally. 

FIG. 7A-7D show a process flow of forming a bottom layer. 
Referring to FIG. 7A, a structure of a thick metal layer 700, a thin 

10 barrier metal layer 702 and a thin metal layer 704 is shown. Next 
referring to FIG. 7B, the metal layer 700 is etched to expose a portion 
of the barrier metal layer 702 to form vias. Then referring to FIG. 7C, 
a dielectric layer 706 is formed on the thin barrier metal layer 702 and 
between the vias, and a protection film 708 is formed on the vias and 

15 the dielectric layer 706. Next referring to FIG. 7D, the thin metal layer 
704 and the thin barrier metal layer 702 are sequentially etched, and 
the protection film 708 is then removed to form the bottom layer. 

FIG. 8A-8B show a simultaneous lamination process flow 
20 according to the invention. Referring to FIG. 8A, laminating layers 
802a, 802b, 802c, 802d, and 802erespectively having a plurality of vias, 
conductive patterns and a dielectric layer, a bottom layer 804 and two 
pad opening layers 806 are aligned and stacked. The pad opening 
layer 806 could be a dielectric layer or a solder mask. The pad 
25 opening layers 806 are optional. FIG. 8B shows the result of 
simultaneously laminating the laminating layers 802, the bottom layer 
804 and the pad opening layers 806 to form a multi-layered substrate. 
FIG. 8C-8D show another simultaneous lamination process flow 
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according to the invention. Referring to FIG. 8C, laminating layers 
808 and 810a, 809b, 809c respectively having a plurality of vias, 
conductive patterns and a dielectric layer formed by the embodiments 
mentioned above and a core substrate 812 are aligned and stacked. 
5 The core substrate 812 has conductive patterns and several conductive 
through holes. The layers 808 and 810 can be laminated on one side 
or both sides of the core substrate 812. FIG. 8D shows the result of 
simultaneously laminating the laminating layers 808, 810 and the core 
substrate 812 to form a multi-layered substrate. The layers 808 and 
10 810 can also be laminated with more than one core substrate. In 
order to improve the bonding between the vias and conductive patterns 
of two layers, a metal layer 807 can be formed on the vias. The metal 
layer 807 could comprise solder, nickel gold alloy and a combination of 
solder and nickel gold alloy. 

15 

The invention provides a multi-layered substrate/printed 
circuit board with high circuit layout density manufactured by a 
simultaneously laminating process. The stacked layers comprise 
laminating layers with solid metal vias, conductive patterns and 

20 dielectric material, bottom layers with solid metal vias and pad opening 
layers which is optional. The conductive patterns and vias of the 
stacked layers can be formed by metal etching, pattern deposition, 
semi-additive processes and full-additive processes. These stacked 
layers with a high circuit density and fine patterns formed individually 

25 before the lamination step can make the whole process easier. 
Moreover, the substrate has a structure of solid vias so that the 
substrate can has good electrical and thermal performance. The 
substrate can also has a smaller bump/ ball pitch layout due to the 
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landless design of top/ bottom pad layers. The substrate has a high 
production yield because no sequential buildup process which will 
increase variation of the substrate is used. Furthermore, the 
production cost of the substrate is low due to the use of conventional 
5 processes and equipments. Finally, since all layers are separately 
formed and simultaneously laminated, the throughput of the substrate 
is high and the production cycle time is short. 

Other embodiments of the invention will appear to those 
10 skilled in the art from consideration of the specification and practice of 
the invention disclosed herein. It is intended that the specification 
and examples to be considered as exemplary only, with a true scope 
and spirit of the invention being indicated by the following claims. 

15 
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